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SUMMARY 
 
In this work, a comprehensive analysis of replication modules (REP) of pIGRK and pIGMS31 
cryptic plasmids isolated from the clinical strain Klebsiella pneumoniae 287 was made. The 
plasmids represent a newly distinguished family whose archetype is plasmid pHW126. Based 
on the results of research on pHW126, this family was pre-classified into rolling circle 
replication (RCR) replicons. The analysis of the pIGRK and pIGMS31 REPs concerned: 
 
• identification of nucleotide sequences indispensable for replication; 
• identification of protein rep products and their properties; 
• characteristics of regulatory mechanisms; 
• determination of the replication model of the tested plasmids. 
 
To identify the sequences involved in replication, pIGRK and pIGMS31 derivatives were 
prepared carrying the kanamycin resistance cassette (Km
r
): (i) inserted at various sites in the 
plasmid genome, (ii) with deletions of selected sequence elements, (iii) with point mutations 
introduced by means of site-directed mutagenesis, (iv) with deletions of rep genes (capable of 
replication due to the presence of an expression vector providing rep products in trans). In 
pIGRK and pIGMS31 a minimal replicon was identified that consists of: (i) the replication 
origin: a sequence of ca. 200 bp containing a conserved region (CR) and four direct repeats  
(iterons) (ii) and the repR (pIGRK) or repM (pIGMS31) gene necessary in trans for 
replication. It has also been demonstrated that the essential element for the proper functioning 
of pIGRK and pIGMS31 REPs is the palindrome sequence located upstream of the minimal 
replicon. It shows a significant similarity to single stand initiation sequence (ssi) present in 
many plasmids and responsible for DNA lagging strand replication initiation. The ssi deletion 
caused plasmids to form multimeric forms and decreased their stability. 
 In order to identify and analyze the properties of protein products of pIGRK and 
pIGMS31 rep genes these genes and their mutant variants were cloned in expression vectors. 
Overexpressed  proteins with an attached histidine tag (6His) were purified and used for in 
vitro DNA-protein interaction analyses. The repR gene (pIGRK) has been shown to encode 
two forms of the protein: RepR and RepR’ (the latter lacking the first 68 amino acids present 
in RepR). RepR is necessary to initiate replication. The shorter protein, RepR’, acts as a 
negative replication regulator. The repM gene (pIGMS31) encodes only one RepM initiator 
protein. All proteins are able to bind to DNA. This property corresponds to the wHTH 
(winged helix-turn-helix) motif identified in silico that constitutes the central part of RepR 
and RepM and the N-terminal part of RepR’. RepR, RepR’ and RepM bind in vitro to the 
sequences present in the origin of replication and to the sequences of their own genes. Both 
Rep proteins encoded in pIGRK and Rep encoded in pIGRM31 are able to create dimeric 
forms.  
The conducted characterization of regulatory mechanisms controlling pIGRK and 
pIGMS31 REP modules included: (i) identification of promoters present in pIGRK and 
pIGMS31 REPs and examination of the Rep proteins’ influence on promoter activity (a test 
  
plasmid was used for this purpose with a promoterless version of the β-galactosidase reporter 
gene, ii) Northern-blot analysis to identify REP transcripts, (iii) RACE 5' analysis to 
determine transcriptional start sites. 
Within pIGRK and pIGMS31 REP modules, apart from the repR (PRK1) and repM 
(PMS1), promoters, additional promoters (PRK2 and PRK3 in pIGRK and PMS2, PMS3, PMS4, PMS5, 
PMS6 in pIGMS31) were identified. Two of them, PRK3 and PMS3, located within the 
determined minimal replicons, are necessary in cis for plasmids replication. Their removal 
abolished the replication of pIGRK and pIGMS31. It was shown that PRK1 and PMS1 are 
negatively regulated by RepR and RepR’ (PRK1) and RepM (PMS1) proteins. In addition 
bifunctional operator/enhancer sequences were identified within these promoters.  
An important element of the work was the examination of DNA replication 
intermediates (IRep) arising during the replication of pIGRK and pIGMS31. IReps were 
identified by two-dimentional DNA agarose gel electroforesis (2D-AGE). The 2D-AGE 
pIGRK and pIGMS31 IRep analysis showed the presence of signals typical for theta 
replication. The presence of an IRep in the form of single-stranded DNA (SS DNA) has also 
been demonstrated, suggesting that these plasmids may also replicate according to the RCR 
model.  
In summary, it was shown that the tested plasmids have a unique structure of REP 
modules. They have features typical for RCR and theta replicons. The mosaic structure of 
pIGRK and pIGMS31 replication systems is reflected in the unique course of replication of 
these plasmids (two models of replication) reserved so far for bacteriophages and viruses. 
